RAIN metastases occur in 15% to 20% of all patients with systemic cancer. 11, 16 Each year, an estimated 97,800 patients in the United States develop brain metastases, 11 and in two-thirds of these patients, the tumors are symptomatic. 6 Many patients develop brain metastasis in the setting of widespread systemic disease. Their life expectancy is limited, and treatment with whole-brain radiation therapy (WBRT) alone for shortterm palliation is adequate. Patients receiving WBRT alone survive 3 to 6 months, with negligible long-term survival.
logical function and advancing systemic disease, and combined in patients who died with progressing neurological and systemic disease.
Survival curves were estimated using the KaplanMeier product-limit method. 7 Median survival times were computed from the Kaplan-Meier estimates. Confidence intervals (CI 95%) were computed for survival probabilities and medians to quantify the statistical uncertainty. The log-rank test was applied to evaluate the differences between two or more survival curves. The Cox 5 regression model was used to study the effects of multiple covariates on patients' survival.
Results

Patient Characteristics
The types of primary tumors are detailed in Table 1 . Median patient age was 47.5 (range 17-68 years). There were 24 men and 24 women. The median interval from initial diagnosis of cancer to initial craniotomy for brain metastasis was 11.5 months (range 0-109 months). Five patients (10.4%) had two lesions removed at the time of initial craniotomy; all others had only a single lesion. Whole-brain radiation therapy after craniotomy was given to 31 patients (64.5%).
The median interval from initial craniotomy to diagnosis of recurrence in the brain was 6.7 months (range 1.2-28.8 months). At the time of recurrence, six patients (12.5%) had two lesions; all others had a single lesion. Five of the six patients with two tumors required two craniotomies to allow resection of both lesions. Recurrence was local in 30 (62.5%), distant in 16 (33.3%), and both local and distant in two patients (4.2%). Median prereoperative KPS score was 80 (range 40-100). Systemic disease was present at the time of reoperation in 23 patients (47.9%) and absent in 25 (52.1%).
Results of Reoperation
Four patients were asymptomatic before and after reoperation. As determined by KPS score evaluation at the time of reoperation and 30 days later, 33 (75.0%) of the 44 symptomatic patients improved after reoperation and 11 (25.0%) stabilized. There was no morbidity or operative mortality. No patient suffered wound infection, dehiscence, or cerebrospinal fluid leaks after reoperation. As determined by neurological examination, five patients (10.4%) developed new or increased neurological deficits after surgery. In three of these patients, the deficits completely resolved within 30 days of surgery. Median hospital stay after surgery for all patients was 5 days (range 2-32). Six patients (12.2%) received WBRT after reoperation.
Survival Results
Median survival time after initial craniotomy was 21.9 months; survival rates at 2 and 5 years after initial craniotomy were 40% and 21%, respectively. Median survival after reoperation with a 95% CI was 11.5 months (95% CI 7.8, 14.0 months) (Fig. 1 upper) . Survival rates at 2 and 3 years after reoperation were 26% and 22%, respectively. The 5-year survival rate was 17% (95% CI 5%, 39%).
Univariate analysis (log-rank test) was performed to determine which variables correlated with survival time. Status of systemic disease (p = 0.012), KPS score (p Ͻ 0.0001), and time to recurrence (p = 0.0037) significantly affected survival, whereas the patient's age, type of primary tumor, and location of recurrence (local vs. distant) did not (p Ͼ 0.05).
Multivariate analysis was also performed using the same six variables. KPS score (p = 0.008), time to recurrence (p = 0.008), age (p = 0.051), and type of primary tumor (p = 0.028) significantly influenced survival time. Five of the six variables substantially affected survival as measured by both p values and assessment of the relative risk of death ( Table 2 ). The location of recurrence had no significant impact on survival (relative risk 0.85, p = 0.73).
Grading for Prognosis
A model was developed to predict patient survival time using the five prognostic factors determined by multivariate analysis. In this system, a patient was first assigned a score by adding the number of negative prognostic indicators as presented in Table 3 . This score was then converted to a grade. For example, a 60-year-old patient who presents with a recurrent brain metastasis from breast cancer, who underwent initial craniotomy 7 months ago, with no evidence of systemic disease, and with a KPS score of 90 has a score of 2 and is therefore in Grade II. Nine patients were in Grade I, 19 in Grade II, 14 in Grade III, and six in Grade IV. Second Recurrence Figure 2 upper shows a Kaplan-Meier curve evaluating disease-free survival from brain metastasis. Overall, 26 patients developed a second recurrence in the brain. The median interval between reoperation and diagnosis of a second recurrence was 7.7 months (95% CI 6.1, 13.5 months). Eighteen patients (69.2%) developed a second local recurrence, that is, in a previous site of resection, three (11.5%) in a distant site, and five (19.2%) in both. Table 4 shows the number of brain metastases at the time of diagnosis of second recurrence.
Patients receiving a first reoperation for local recurrence had a median time to second recurrence of 8.9 months versus 7.3 months for those undergoing first reoperation for a distant recurrence (p = 0.42). Additionally, (Fig. 2 lower) . The risk of a second local recurrence increased in patients with a first local recurrence at more than 12 months after reoperation, but not significantly.
Of the 26 patients who developed a second recurrence, 17 (65.3%) underwent a second reoperation. Three of these patients had two lesions removed and 14 had one lesion removed. Patients who underwent a second reoperation survived a median of 8.6 additional months (95% CI 7.8, 26.9 months) after diagnosis of the second recurrence. Survival rates at 2 and 3 years for patients who underwent a second reoperation were 40% and 13%, respectively. Patients who did not undergo a second reoperation survived a median of only 2.8 months (95% CI 2.0, 2.9 months) after second recurrence, with a 0% 1-year survival. The difference in survival after second recurrence between those who underwent a second reoperation and those who did not was significant. (p Ͻ 0.0001) (Fig. 3) .
Cause of Death
Of all 48 patients, 14 were alive at last follow-up contact. The cause of death was unknown in nine. Of the remaining 25, 12 (48%) died of neurological causes, three (12%) of combined causes, and 10 (40%) of systemic causes.
Discussion
Our study demonstrates that reoperation is effective in treating patients with recurrent brain metastases. Furthermore, we present five prognostic indicators that influence survival time and a grading system that integrates these factors.
Grading System
Our system was useful in dividing patients into four well-differentiated prognostic categories. In our category of patients who fared best, patients had a greater than 50% chance of surviving more than 5 years, whereas in the worst category, no patient survived for even 1 year.
We use five factors in our grading system: status of systemic disease, KPS score, time to recurrence, age, and type of primary tumor. Numerous studies in patients undergoing initial craniotomy have shown that the status of systemic disease and performance status are important factors influencing survival, as determined by both univariate and multivariate analyses. 1, 4, [11] [12] [13] [14] 17 Age and histological composition of the tumor have also been shown by multivariate analysis to influence survival. 11, 12 Time to recurrence may represent a measure of the biological aggressiveness of the tumor.
Our grading system is not valid for patients with advanced systemic disease who are expected to die within 4 months; it is valid for patients with multiple brain metastases only if all lesions in the brain are removed. We previously showed that patients with multiple brain metastases who undergo removal of all lesions had a median survival of 14 months, which was significantly greater than the 6-month survival time for patients having one or more lesions unresected. 1 Additionally, patients with multiple brain metastases undergoing surgical treatment of all lesions have a similar prognosis to patients with a single lesion undergoing surgery. 1 
Second Recurrence
Our data indicate that patients who suffer a relapse after reoperation very often have a limited number of brain metastases. Thus, the number of brain lesions is not usually a deterrent to second reoperation. Most patients who develop a second recurrence are candidates for a second reoperation. A second reoperation significantly prolongs the patient's life.
Guidelines for Management. Reoperation must be strongly considered in all patients who have recurrent brain metastases and limited systemic disease. In our experience, approximately half of all patients with recurrent brain metastases are candidates for reoperation. Patients with advanced systemic disease (expected survival time Ͻ 4 months) should not be offered reoperation, with few exceptions. In patients with limited systemic disease, the number and location of brain metastases are then evaluated. Ideally, all lesions should be resectable; multiple craniotomies can be safely performed to achieve this goal.
1 If all lesions are not resected or resectable, survival is worse. Radiosurgery may be useful in treating patients with one or two inaccessible lesions if other lesions can be surgically resected. Patients in whom all lesions can be resected are graded according to our system. Reoperation should be approached with caution in patients with Grade IV disease due to their poor prognosis and should not be offered except in circumstances in which a lesion is immediately life-threatening. Reoperation may also be indicated in Grade IV patients if there is a question about diagnosis, such as whether there is recurrent brain metastasis or radiation necrosis or infection. However, there was no surprise diagnosis in any patient in our series thought to have recurrent brain metastasis.
Whether the recurrence is local or distant is of no importance in determining whether a patient is a surgical candidate; however, location is important in surgical planning. If the recurrence is local and if on computerized tomography or magnetic resonance imaging the lesion appears to be invasive or to have recurred from the entire surgical bed, then excision of both the lesion and a surrounding rim of brain parenchyma should be performed whenever possible to minimize the risk of subsequent local recurrence. In our series, there was no significantly increased risk of a second local recurrence in patients undergoing reoperation for a first local recurrence. We believe this is due to our surgical technique in treating such lesions. Even so, after 1 year of follow up, patients with a local first recurrence appear to have an increased risk of a second local recurrence. This may be due to an intrinsically increased invasiveness of such lesions.
Literature Review
We found no other report in the literature evaluating prognostic indicators for patients undergoing reoperation for recurrent brain metastases. The only previous study to evaluate the results of reoperation for brain metastasis, by Sundaresan, et al., 14 consisted of 21 patients. The median survival time was 9 months after reoperation. No prognostic indicators were presented. Interestingly, three of the 21 patients were found to have radiation necrosis at the time of reoperation.
Our 11.5-month median survival time for patients after reoperation is similar to the 9-to 15-month median survival time after initial craniotomy for patients in recent series in the literature, suggesting that prognosis after reoperation is similar to prognosis after initial resection. 1, 4, 12, 14, 17 Minimal data exist in the literature regarding the survival of patients who develop recurrent disease after initial surgery but who do not undergo reoperation. However, we recently reported on five such patients who survived only 2.5 months after recurrence. 2 Additionally, the nine patients in this report suffering from a second recurrence who did not undergo reoperation survived only a median of 2.8 months. Therefore, survival time is improved with reoperation.
The data on morbidity, mortality, and complications in our series are also comparable to those data on patients undergoing initial craniotomy. 1, 11, 12, 14 Reoperation for recurrent brain metastasis can be performed without any increased risk of wound complication. This is in contrast to reoperation for malignant glioma. This may be because of the fact that not all patients in our series received radiation therapy prior to reoperation, and the radiation doses generally used for brain metastases, 30 Gy in 10 fractions, are lower than those used for malignant glioma.
Conclusions
We conclude that reoperation for recurrent brain metastases can prolong survival and improve quality of life. A second reoperation can also increase survival. Five factors influence survival: status of systemic disease, KPS score, time to recurrence, age, and type of primary tumor. Our grading system using these five factors correlates with survival time. Finally, reoperation should be approached with caution in Grade IV patients because of their poor prognosis.
